Purpose: We report the results of applying arterial spin labeling (ASL) to intracranial dural arteriovenous fistula (DAVF). Methods: Sixteen patients with angiographically confirmed DAVF underwent ASL on a clinical 1.5 T or 3 T MR system. ASL was performed by Q2TIPS (second version of quantitative imaging of perfusion by using a single subtraction MRI pulse sequence with thin-slice TI1 periodic saturation) with echo-planar imaging. Draining veins such as dural venous sinus and cortical veins were evaluated on ASL. Results: ASL clearly depicted draining dural venous sinus in all patients with DAVF Borden type I (6/6, 100%) and type II (4/4, 100%). ASL depicted cortical venous reflux in only one patient with DAVF Borden type II (1/4, 25%). ASL depicted drainage directly into cortical veins in all patients with Borden type III (6/6, 100%). Conclusion: Our preliminary study suggests that ASL can depict draining veins in patients with DAVF.
Introduction
Intracranial dural arteriovenous fistula (DAVF) is thought to be an acquired arteriovenous (AV) shunting disease, perhaps developing after venous sinus occlusion. DAVF is categorized as benign or aggressive depending on the pattern of venous drainage revealed by digital subtraction angiography (DSA) [1] [2] [3] [4] [5] . The DAVF classification schemes of Borden et al. and Cognard et al. are the most widely used [3, 4] . Borden type I drains directly into the dural venous sinus, Borden type II drains into dural venous sinus with cortical venous reflux, while Borden type III drains directly into cortical veins. Borden type I is considered benign, whereas Borden type II and III are considered aggressive [3] [4] [5] .
Arterial spin labeling (ASL) is an advanced MR perfusion imaging technique in which arterial blood water is electromagnetically labeled proximal to the brain and used as a diffusible flow tracer [6] [7] [8] [9] . Recently, Le et al. [10] reported on venous ASL signal intensity seen frequently in 8 patients with DAVF and 7 patients with small AVM. We report the results of ASL applied to a larger group (16 patients) with DAVF including all Borden types.
Materials and Methods

Patients
Sixteen patients (12 men and 4 women; age range, 35 -78 years; mean age, 62 years) with angiographically confirmed DAVF were evaluated. The location of DAVF was at transverse-sigmoid sinus in 10 patients, tentorial sinus in 3 patients, superior sagittal sinus in 2 patients, and torcular herophili in one patient. The Borden classification of DAVF was type I in 6 patients, type II in 4 patients, and type III in 6 patients. Informed consent was obtained from all patients. MRI (ASL) and DSA were performed within 2 months of each other.
MR Imaging and ASL
MR imaging was performed on a clinical 1.5 T or 3 T MRI unit (Magnetom Verio or Avanto, Siemens AG, Erlangen, Germany) using a standard 12-channel head coil. 10 patients were examined at 1.5 T MRI, another 6 patients at 3 T MRI. ASL was performed according to a previously described technique [11] . The perfusion images were obtained by using Q2TIPS sequence (second version of quantitative imaging of perfusion by using a single subtraction MRI pulse sequence with thin-slice TI1 periodic saturation). Parameters of the ASL sequence were as follows: TR/TE/flip angel/slice number/acquisition time = 3000 ms/16 ms/90˚/9/4 min 6 sec, and 2550 ms/13 ms/90˚/9/4 min 6 sec, at 1.5 T and 3 T MRI, respectively. Inversion time 1/saturation stop time/inversion time 2 was 700/1750/1800 ms. Field of view (FOV) was 220 mm and each voxel size was 3.4 × 3.4 × 8 mm 3 . Perfusion-weighted images (subtraction images) were used for evaluation in this study.
Image Interpretation
Two neuroradiologists, who had no background knowledge of patient clinical data or angiography findings independently reviewed the images. The identification of draining veins such as dural venous sinus or cortical veins on ASL was evaluated. Disagreements were resolved by consensus. These findings of marked hyperintense venous structures on ASL were defined as the signal intensity of venous structures clearly exceeding that of adjacent brain parenchyma.
Results
A summary of results showing identification of venous drainage on ASL in patients with DAVF is presented in Table 1 . In all six patients with DAVF Borden type I, ASL depicted draining dural venous sinus as marked hyperintense areas. Marked hyperintense areas on ASL corresponded to draining dural venous sinus on DSA (Figures 1 and 2) .
In all four patients with DAVF Borden type II, ASL depicted draining dural venous sinus as marked hyperintense areas. Marked hyperintense areas on ASL corresponded to draining dural venous sinus on DSA. However, ASL depicted cortical venous reflux as marked hyperintense areas in only one patient with DAVF Borden type II. In this patient with DAVF Borden type II, marked hyperintense areas on ASL corresponded to draining dural venous sinus and cortical venous reflux on DSA (Figure 3) .
In all six patients with DAVF Borden type III, ASL depicted drainage directly into cortical veins as marked hyperintense areas, providing high lesion conspicuity. Marked hyperintense areas on ASL corresponded to drainage directly into cortical veins on DSA (Figures 4 and  5) .
Discussion
This is a report on draining veins related to DAVF using ASL in a larger series of patients (16 patients) with DAVF including all Borden types. Our study suggests that ASL can depict draining veins such as dural venous sinus in patients with DAVF type I and II or cortical veins in patients with DAVF type III as marked hyperintensity.
Conventional MR imaging is typically normal in DAVF without retrograde cortical venous drainage and/or venous congestion. Conventional MR imaging is the procedure of choice for demonstrating the complications of DAVF, including venous infarction and hemorrhage [12] [13] [14] .
Three-dimensional time-of-flight (3D-TOF) MR angiography and MR digital subtraction angiography (MRDSA) are useful for non-invasive MR examinations for screening, before and after treatment, in DAVF [15] [16] [17] [18] [19] [20] [21] . Especially, 3D-TOF MRA is the most frequently used method of MRI examination for screening of DAVF because it does not require contrast media. However, 3D-TOF MRA is usually limited in the full evaluation of DAVF because of restrictions on FOV. The FOV of routine 3D-TOF MRA is usually placed to include transverse-sigmoid, cavernous sinuses, anterior condylar confluence, etc, but excludes most of the superior sagittal sinus. Therefore, routine 3D-TOF MRA is unsuited to screening for DAVF at superior sagittal sinus. ASL was able to depict DAVF at superior sagittal sinus in our study (Figure 3) . DAVF Borden type III is extremely aggressive [3] [4] [5] . The hemodynamics of DAVF-Borden type III is different from other types of DAVF. DAVF Borden type III does not drain into the sinus, as other types do, but directly into cortical veins, resembling that of arteriovenous malformation (AVM). AVM draining veins and nidus appear as marked hyperintensity structures representing rapid transit on ASL [22, 23] . In our study, ASL clearly depicted drainage directly into cortical veins in DAVF Borden type III, providing high lesion conspicuity (Figures  4 and 5) .
ASL uses labeled arterial blood as diffusible water that is 90% extracted on the first pass through the capillary bed. Therefore, by using ASL (Q2TIPS) in which arteries are labeled, the ASL marked hyperintense area is not typically seen in the venous system except in the presence of arteriovenous connections such as AVM or DAVF. In our study, it was difficult for ASL (Q2TIPS) to depict cortical venous reflux in DAVF Borden type II. The magnitude of the venous ASL signal intensity depends on the number of spins transversing the fistula, and both labeling time and delay time. On the other hand, other ASL such as FAIR (with single slice) can depict cortical venous reflux because both arteries and veins are labeled [24] . In this study, it was difficult for ASL (Q2TIPS) to depict cortical venous reflux in DAVF Borden type II. Our study suggested that it is difficult to clearly differentiate Borden type I from type II on ASL alone. Therefore, the combination of other MR imaging methods may help to differentiate this condition. Recent reports have suggested that some advanced MR imaging techniques such as dynamic susceptibility contrast (DSC) and susceptibility-weighted imaging (SWI) are capable of detecting and evaluating cortical venous reflux and venous congestion in patients with DAVF [25] [26] [27] . Further studies may be necessary to assess the value of the combination of ASL and other advanced MR imaging such as DSC and SWI for the demonstration of cortical venous reflux in DAVF.
However, MR imaging including 3D-TOF MRA, MR-DSA and advanced MR imaging cannot replace DSA because it provides insufficient hemodynamics and spatial resolution. DSA is still the gold standard for precise evaluation of DAVF before and after treatment.
Our study has some important limitations. First, it was difficult for ASL to depict cortical venous reflux in DAVF Borden type II, as previously described. Second, the site of DAVF was limited. Most cases in this study were DAVF at the transverse-sigmoid sinus. Third, it may be difficult for ASL to depict DAVF with a very small AV-shunt. Further studies with larger subject groups, including DAVF at any site with varying degrees of AVshunting and larger treated cases, will be required to fully assess this technique.
Conclusion
Our study suggested that ASL could depict draining veins in patients with DAVF. Especially, ASL clearly depicted drainage directly into cortical veins in DAVF Borden type III, providing high lesion conspicuity. ASL may provide useful non-invasive supplementary MR imaging for rough assessment in patients with DAVF.
